Resting behavior is one of the most interesting behaviors in cetaceans, as resting cetaceans have to surface for air and adapt to the environment of hydrostatic weightlessness and no shelter. Resting behavior is also very important for cetaceans because dolphins maintain their phonation structures and regain strength from fatigue of vigorous activities through resting. [1] [2] [3] Baiji Lipotes vexillifer (Chinese river dolphin) is the most endangered cetacean in the world. Currently, fewer than 100 individuals of this species are estimated to be distributed along approximately a 1400 km section of the Yangtze River in China. 4 To date, there have been no detailed studies focusing on the resting behavior of baiji as research opportunities are very limited. Hua et al. have reported some of the resting behaviors of baiji in the wild. 5 Several investigators have studied this behavior in their ethological observations of baiji in captivity. Their results showed that resting baiji floats at the water's surface with almost abeyance of physical activity and that resting behavior does occur after feeding but occurs mainly between 21:00 h and 7:00 h. [6] [7] [8] [9] To improve our knowledge of the resting behavior of baiji and its diurnal rhythm, we investigated the resting characteristics of an adult male baiji named Qi Qi, which is currently the only living baiji in captivity, in detail. Furthermore, we compared swimming behavior, which could be an index for the degree of activity, in a daily 24 h cycle.
The present study was carried out at Baiji Aquarium at the Institute of Hydrobiology, the Chinese Academy of Sciences for 149 days between May and October 1992. Qi Qi was approximately 15 years old, 2.65 m in body length and 125 kg in bodyweight. He was healthy and was reared in an indoor circular concrete pool, measuring 7.5 m in radius and 4 m in depth. The keeping pool is a no filter-system pool and there were no enrichment devices present in the pool during the study. An iodine-tungsten light (500 W) was located above the pool, which caused the formation of two shadow parts in the pool when the light was switched on at approximatley 18:00 h in the evening (Fig. 1) . This was not a special condition for the study as the light has been used every night by general management since 1980, which was when Qi Qi first arrived at the aquarium from the Yangtze River.
After conducting preparatory observations, resting behavior was classified as either the baiji being in a period of immobility or having no exploratory movements. It has been reported that some species of dolphins can rest while in motion; but without conducting electrophysiological studies on the brains of these dolphins by implanting electrodes, it was impossible to investigate this pattern of resting. 1, 10 To date, we have not done any electrophysiological studies on Qi Qi and all the results of the present study were based on behavioral observations, which do not involve the resting pattern.
All recordings were made by the side of the pool (Fig. 1) . The recording method used was the same as that already described elsewhere. 11 During the observations, resting patterns and other behaviors (e.g. swimming, breathing, playing) were first assigned to different keys of a portable computer, then by using a program written by ourselves, we recorded these behaviors simultaneously while accompanying the change in local time. Observations were taken every day but, as the power of the computer we were using came from a rechargeable battery, we could not make 24 h observations. However, we were only able to operate the comShort Paper was found to occur more in the shadow parts of the pool, which were 93 times in 148 RU records (c 2 = 9.25, d.f. = 1, P < 0.01). This meant that the exciter light of the captive pool is too strong for Qi Qi, but this was never noticed before. This phenomenon also suggested that Qi Qi might maintain his vision even during resting periods. Norris et al. believe that in wild sleeping spinner dolphins Stenella longirostris their acoustic systems were found to be suppressed and vision was relied on for monitoring the environment, and conversely. 4 This theory is supported by electroencephalogram (EEG) studies done by Mukhametov, who found that the open eye of sleeping bottlenose dolphins Tursiops truncatus and harbor porpoises Phocoena phocoena in captivity performed the sentinel function. 1 The situation for baiji might be similar to spinner dolphin as there were no enrichment devices in the pool in the present study and the shadow parts were no different to the non-shadow parts in the pool except for light intensity at night. In order to confirm this inference, a comparative study on vocalization is needed. Furthermore, Fig. 2 also illustrates that the time periods of resting behavior tend to increase after feeding.
Resting behavior of a baiji Lipotes vexillifer in captivity
For correlative examination between rest and active periods in a 24 h cycle, the average periods per hour spent on RS and RU were summed to obtain the total average hourly time period of resting behavior (TR). Also the total time period spent on swimming behavior (TS) was used, which is based on the hourly portions of swimming reported by Yang et al. 11 A significant negative correlation was found between TR and TS (r = -0.9313, puter twice a day taking records for at least 4 h continuously. Therefore, we were able to take records for at least 4 h periods everyday so that by the end of the study all records covered a 24 h cycle, ensuring that the recordings for each hour were almost the same.
We grouped the records into two time periods: (i) the period with human activity (6:00-18:00 h), as Qi Qi was usually fed three times (7:00-8:00 h, 12:00-13:00 h and 17:00-18:00 h) each day; and (ii) the period without human activity (18:00-6:00 h). Furthermore, we defined 6:00-18:00 h (12 h) as daytime and 18:00-6:00 h (12 h) as night-time when making a preliminary study on the diurnal resting rhythm of Qi Qi, disregarding temporarily the seasonal difference in the daily actual local light cycle during the study period.
Two patterns of resting behavior were observed: (i) floating at the water's surface (RS); and (ii) floating or lying under the water's surface or in the bottom of the pool (RU). The duration of one RS resting period was 4-145 s, whereas one RU lasted 60-240 s. A resting period was followed with a breath, and then the baiji remained resting or made other behaviors. Figure 2 shows the fluctuations in the average RS and RU time periods per hour during a 24 h cycle. The total RU time period occupied 96% of resting time (RS plus RU) in a day, indicating that RU was the main resting pattern for the captive baiji. Previous studies have reported that only RS was considered as baiji's resting pattern. [7] [8] [9] Both RS and RU increased remarkably between 18:00 h and 6:00 h. Most of the total time periods of RS (76%) and RU (94%) were occupied by bouts during this period, suggesting that baiji tended to rest more at night. Compared with the non-shadow parts, RU between 18:00 h and 6:00 h d.f. = 22, P < 0.01) in a daily 24 h cycle, meaning that an increase in time periods spent resting decreased the time periods spent swimming (Fig. 3) . In summary, the resting rhythm of the captive baiji in the present study was as follows:
1. Resting behavior tended to increase after feeding and was significantly more during the hours between 18:00 h and 6:00 h.
2. During a 24 h cycle, resting and swimming periods always alternated, indicating that resting periods for baiji were intermittent during both the daytime and night-time. It would be reasonable that baiji could feed or play even between the hours of 18:00 h and 6:00 h potentially, as active periods were noted during this time period. Hua et al. reported 18 cases of the resting behaviors of baiji occurring after movements such as feeding or playing in daytime or at night in the Yangtze River and described a case of alternating between feeding and resting by a baiji group. 6 The resting rhythm of the present study agreed with the natural traits recorded by Hua and colleagues. Furthermore, the resting rhythm of Qi Qi also had characteristics relating to its captivity. No resting behavior could be recorded in the hour before the feeding activities, but the time period for swimming increased significantly in the same hour (Fig. 3) . Two kinds of feeding relative behaviors, head shaking (HS) and bubble making (BU), contributed to the increased swimming time periods. The frequencies of both HS and BU peaked before feeding and decreased sharply after feeding. When BU and SH occurred, only swimming could be observed and its speed was kept relatively high. Consequently, the average time period for swimming increased and, in turn, no rest was observed. Therefore, in the present study of a captive baiji, during the hours between 6:00 h and 18:00 h, feeding activities strongly affected the rhythms of either resting or swimming, and for this reason TR increased or decreased with TS alternately at 4-5 h intervals. In contrast, between 18:00 h and 6:00 h peaks of resting behaviors alternated with those of TS at 1-2 h intervals, as there was no feeding activity. It was apparent that the durations of alternating cycles between swimming and resting between 6:00 h and 18:00 h were prolonged by feeding activity. 
